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Summary. Background: Stasis of the blood has been postulated
as amajor cause of venous thrombosis.However, little is known
about the effect of stimulating the bloodflow inorder to prevent
venous thrombosis through, for example, sports activi-
ties. Objectives: In a large population-based case-control study
(MEGA study), we studied whether participating in sports
activities on a regular basis was associated with venous
thrombosis risk. Patients/methods: Consecutive patients with
a first venous thrombosis of the leg or a pulmonary embolism,
and control subjects, consisting of partners of the patients and
randomly selected control subjects from the general population,
were asked to participate. Sports activities and other risk
factors for venous thrombosis were reported in a standardized
mailed questionnaire. Participants with malignancy were
excluded. Results: Out of 3608 patients, 1136 (31.5%), and of
our 4252 control subjects 1686 (39.7%), participated in
sports activities. Participating in sports activities reduced
the risk of venous thrombosis compared with not partici-
pating in sports activities [odds ratio (OR) 0.64; 95% CI
0.58–0.71]. Risk reductions were similar after adjustment for
sex, age and body mass index (ORadj 0.71; 95% CI 0.64–0.78)
and when the analysis was restricted to healthy individuals
(ORadj 0.67; 95% CI 0.58–0.78). No differences in risk were
found for various frequencies, intensities and types of
sport. Conclusion: Regular sports activities reduce the risk of
venous thrombosis.
Keywords: exercise, leisure time activities, physical activity,
pulmonary embolism, sports activities, venous thrombosis.
Introduction
The incidence of a first venous thrombosis is about 1–3 per
1000 individuals per year [1,2]. The disorder commonly
manifests as a deep vein thrombosis in the legs. Often
embolization occurs, resulting in pulmonary embolism, which
can lead to death in about 1–2%. Venous thrombosis is a
multicausal disease and several risk factors, such as malig-
nancy, oral contraceptive use and genetic mutations, have
been identified [3]. Apart from changes in the composition of
the blood and damage to the vessel wall, stasis of the blood
has been postulated by Virchow in 1856 as one of the three
main causes of thrombosis [4]. Immobilization and physical
restrictions are well-known causes of venous thrombosis [5–
7]. However, little is known about the effect of stimulation of
the blood flow (i.e. physical activity) [8]. In arterial disease,
the beneficial effects of physical activity have been observed
for stroke, cardiac failure and myocardial infarction [9,10].
Furthermore, several studies have shown more beneficial
coagulant state in individuals who exercise on a regular basis,
suggesting a possible beneficial effect on venous thrombosis
risk [8,11–15].
We have previously shown a beneficial effect of sports
activities involving the legs on the risk of venous thrombosis of
the arm [16]. One case–control study noted a reduced risk of
venous thrombosis of the leg and pulmonary embolisms in
young women [17]. However, two follow-up studies observed
that participating in sports activities was associated with a
small increased venous thrombosis risk [18,19]. However, in all
studies, data regarding type, frequency and intensity of sport
were scarce, and numbers of venous thrombosis events were
small. Therefore, in this study, we set out to investigate in detail
whether participating in sports activities on a regular basis
influences the risk of venous thrombosis.
Patients and methods
All analyses were performed as part of the Multiple Environ-
mental and Genetic Assessment of risk factors for venous
thrombosis (MEGA study), which is a large population-based
case-control study. Between March 1999 and September 2004,
all consecutive patients with a first venous thrombosis were
recruited from six anticoagulation clinics in the Netherlands.
These clinics monitor the anticoagulant treatment of all
patients within a well-defined geographical area. All patients
were between 18 and 70 years of age and had their first episode
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of venous thrombosis in the deep veins of the leg or had a
pulmonary embolism. A participant was considered ineligible
when he could not read Dutch or had severe psychiatric
problems. 280 patients died before they were able to fill in a
questionnaire (see below), while 82 patients were at the end
stage of disease. Out of the remaining 5969 eligible patients,
5053 (84.6%) participated.
Partners of the participating patients were asked to serve as a
control group. Those with a history of venous thrombosis were
excluded. Of the participating patients, 3657 had an eligible
partner of whom 2985 participated (81.6%). A second control
group was collected in the same geographical area as the
patients via random digit dialing, a method developed by
Waksberg [20]. This method is frequently used to gather a
random control group. A specific individual from the tele-
phoned household, based on sex and age range of the patient
group, was asked to participate to avoid a selective response
from healthy control subjects. In this way, it was possible to
obtain a random control group frequency matched for age and
sex to the patients. Of the 4350 contacted eligible individuals,
3000 (69%) were willing to participate. Collection of the
random control group started in January 2002 and continued
until December 2004. All eligible control subjects were between
18 and 70 years at time of their first contact.
Participants gave a written informed consent. This study was
approved by the Ethics Committee of the Leiden University
Medical Center, Leiden, the Netherlands.
Data collection
Sports activities, frequency of performing sports, weight,
standing height, surgery, plaster cast, minor injury, pregnancy,
malignancy, bed rest for more than four consecutive days,
chronic illness, hormone use and other risk factors for venous
thrombosis covering a period of one year prior to the index
date were reported in a standardized mailed questionnaire. The
index date was the date of diagnosis of the thrombotic event for
the patients and the date of filling in the questionnaire for the
control subjects. Body mass index (BMI) was calculated by
self-reportedweight (kg) divided by height squared (m2).Minor
injuries, such as sprains and small muscle ruptures, had to
occur within the three months prior to index date. During the
first months of the study, a pilot questionnaire was used.When
the participant was unable to fill in the questionnaire, questions
were asked by phone using a standardized short version. As
neither of these questionnaires contained information on
regular sports activities, these individuals were excluded from
the present analysis (Fig. 1).
Individuals who participated in sports activities at least once
a week were considered to exercise. Those who participated in
sports activities but with an unreported frequency or with a
frequency of less than once a week were excluded (Fig. 1). A
person was considered not to exercise when the activity they
performed was not considered a sport activity. Six investigators
independently scored whether an activity mentioned in the
Malignancy 546
MD 171
Freq SA < 1 week 241
Short
questionnaire 212
Pilot or short
questionnaire 235
Pilot or short
questionnaire 487 
Malignancy 101
MD 130
Freq SA < 1 week 193
Malignancy 116
MD 89
Freq SA < 1 week 247
Patients
5053
Partner control
group 2985
Returned
questionnaire 4566
Returned
questionnaire 2750
Patients eligible
for analyses 3608 
Partners eligible
for analyses 2326 
Matched analyses in
1918 patient-partner pairs
RDD control
group 3000
Returned
questionnaire 2788
RDD eligible for
analyses 2336 
Unmatched analyses in
3608 patients
2336 RDD 
MD = missing data regarding sports activities, frequency of sports activities or body mass index 
Freq SA < 1 week = frequency of sports activities of less then once a week
RDD = random digit dialing controls subjects
Fig. 1. Flow chart of participating patients and control subjects for inclusion in the analyses.
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questionnaire could be considered a sport activity. An activity
was considered a sports activity when it was scored as such by
three or more investigators. For instance, gardening, walking
(not for exercise) and bowling were not considered sports
activities. Activities were categorized into three different types
of sport: endurance, interval, and power sports (see Appendix
S1). The intensity of a specific sport was categorized according
to metabolic intensity scores (METS) [21,22] into very stren-
uous intensity (METS ‡ 8), strenuous intensity (METS ‡ 6–8),
and moderate intensity (METS ‡ 3–6). To study whether the
effect of performing sports activities had a local or systemic
effect, sports activities were divided into arm and other sports.
Bodybuilding, canoeing, climbing, judo, push-ups, rowing,
swimming and wrestling were considered as sports mainly
involving the arm, so-called arm sports. Other sports activities
were categorized as other sports. We further made a distinction
between gravitational sports vs. non-gravitational sports.
Football, volleyball, hockey, athletics, karate, and Tai Kwando
were considered gravitational sports, while swimming, water
polo, hydrotherapy, aqua jogging, aqua aerobics and scuba
diving were considered non-gravitational sports. Finally, based
on the reported incidence density of number injuries per 1000 h
of sports activities [23], sports activities that have a high risk of
injuries (more than two injuries per 1000 h of football,
volleyball, hockey, basketball, athletics, karate or Tai Kwando)
were compared with sports activities with a low risk of injuries
(less than one injury per 1000 h of fitness, horse riding,
swimming or aerobics).
Analysis
Odds ratios (ORs) were calculated as estimates of the relative
risk of thrombosis with 95% CIs. ORadj was adjusted for sex,
age and BMI. Partners were matched to their patients to adjust
for lifestyle factors, resulting in 1918 eligible couples in a
matched analysis (Mantel–Haenszel estimator), while all 3608
patients were contrasted to the random digit dialing controls
(2336 subjects) in an unmatched analysis (Fig. 1). For
calculation of the overall risk, we calculated a pooled OR
combining the OR of the matched analysis with the OR of the
unmatched analysis. This included an adjustment for the
patients who were included in both the matched and the
unmatched analysis (see Appendix S2). When analyzing the
risk in men and women separately, only random control
subjects were used, as inmost couples partners were of opposite
sex. Absolute risk differences were calculated using absolute
risks, as previously reported in a prospective study on the
incidence of venous thrombosis in France [2].
To remove confounding by health status as much as
possible, all participants with a malignancy were excluded
(Fig. 1). Furthermore, we performed an analysis for the risk of
idiopathic thrombosis in which we included only individuals
without clinical risk factors (e.g. surgery, plaster cast, minor
injury, pregnancy, malignancy, bed rest for more than four
consecutive days or chronic illness in the year prior to index
date). Amultivariate analysis was performed among those who
participated in sports activities regularly to determine whether
type, frequency and intensity of sports activities were indepen-
dently related to venous thrombotic risk. All analyses were
performed in SAS 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
Overall 3608 patients and 4254 control subjects were included
in the present analysis. Their characteristics are shown in
Table 1.
Of the patients, 1136 (31.4%) participated regularly in sports
compared with 1686 (39.6%) control subjects. Performing
sports reduced the risk of venous thrombosis (OR 0.64; 95%
CI 0.58–0.71). Adjustment for sex, age and BMI didmarginally
change the OR (ORadj 0.71; 95% CI 0.64–0.78; Table 2). The
ORs were slightly closer to one when the partner control group
was used (ORadj 0.86; 95% CI 0.71–1.02) compared with using
the random digit dialing control group (ORadj 0.67; 95% CI
0.60–0.75).
Among participants without an injury in the preceding three
months, the risk of venous thrombosis was 0.7-fold decreased
(ORadj 0.66; 95% CI 0.59–0.74) for those who participated in
sports activities compared with those who did not participate in
sports activities. When the analysis was restricted to idiopathic
thrombosis (i.e. individuals without clinical risk factors for
venous thrombosis) the risk reduction was similar to the overall
risk (ORadj 0.67; 95% CI 0.58–0.78). Further exclusion of
women receiving oral contraceptives or hormone replacement
therapy did not lead to a different point estimate (ORadj 0.66;
95% CI 0.54–0.79).
Table 1 Characteristics of the study population
Patients
(n = 3608)
Control subjects
(n = 4252)
Women (%) 54.4% 53.3%
Age (5–95th %) 47.6 (25.6–67.3) 46.6 (25.3–66.4)
Body mass index (kg m)2)
(5–95th %)
27.0 (20.3–35.9) 25.5 (19.8–33.3)
Type of venous thrombosis
PE (%) 1044 (28.9%)
DVT leg (%) 2093 (58.0%)
DVT leg + PE (%) 471 (13.1%)
PE, pulmonary embolism; DVT leg, deep venous thrombosis of the leg.
Table 2 Association between participating in sports activities and the risk
of venous thrombosis
Patients
Control
subjects
OR
(95% CI)
ORadj
*
(95% CI)
No
sport
2472 (68.6%) 2566 (60.3%) 1 1
Sports 1136 (31.4%) 1686 (39.7%) 0.64 (0.58–0.71) 0.71 (0.64–0.78)
Total 3608 4252
*Adjusted for sex, age and body mass index. OR, odds ratio; 95% CI,
95% confidence interval.
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Among those participating regularly in sports activities, the
frequency of performing a sport did not affect the risk of
venous thrombosis. Different types and intensities of sports
were equally beneficial (Table 3). Among those who partici-
pated in sports activities, multivariate analysis showed that
frequency, intensity and type of sport were not independent
determinants of venous thrombosis risk. When we compared
the effect of sports that involve mainly the arm with those
mainly involving the legs, we found no clear differences in the
risk of deep venous thrombosis, with relative risks of 0.79 for
arm sports (ORadj 0.79; 95% CI 0.66–0.95) and 0.68 for other
sports (ORadj 0.68; 95% CI 0.61–0.76), both relative to those
who did not participate in sports. Non-gravitational sports
activities (ORadj 0.90; 95% CI 0.68–1.17) seemed to reduce the
risk of venous thrombosis to a lesser extent than gravitational
sports activities (ORadj 0.72; 95% CI 0.59–0.88), both com-
pared with performing no sports activities. Furthermore, sports
activities that had a high injury risk had a less beneficial effect
on thrombotic risk (ORadj 0.93; 95%CI 0.69–1.26) than sports
activities with a low injury risk (OR 0.70; 95% CI 0.60–0.81),
both compared with performing no sports activities.
Those who engaged in sports, compared with those who did
not, had a 46% reduced risk of pulmonary embolism (OR 0.54;
95%CI 0.46–0.64) and only a 24% reduced risk of deep venous
thrombosis of the leg (OR 0.76; 95% CI 0.67–0.86). However,
only 29% of the venous thrombosis events were isolated
pulmonary embolisms, while 58% were located in the leg.
When using a venous thrombosis incidence of 1.3 per 1000
person years [2], the absolute risk differences are estimated to
be equal for pulmonary embolism and thrombosis of the leg
(Table 4).
The effect of performing sports seemed slightly different in
men and women. In men, the risk reduction was 22% (ORadj
0.78; 95% CI 0.66–0.93), while the 39% risk reduction was
more pronounced in women (ORadj 0.61; 95% CI 0.52–0.70).
Exclusion of women receiving oral contraceptives, hormone
replacement therapy and those who were pregnant led to a risk
reduction of 55% (ORadj 0.45; 95% CI 0.36–0.57). No
differences in ORs were found for the different age groups;
participants aged 18–39 had an ORadj of 0.71 (95% CI 0.59–
0.86), those aged 40–59 had an ORadj of 0.70 (95% CI 0.61–
0.81) and those between 60 and 70 years had an ORadj of 0.68
(95%CI 0.52–0.89), all ORs compared with those who did not
engage in sports. As the risk of venous thrombosis increases
with age [2], the absolute risk reduction of venous thrombosis
associated with sports activities was higher in old compared
with young individuals. For example, if all elderly individuals
were to exercise, approximately 1.9 per 1000 individuals would
have a venous thrombosis on a yearly basis while if all
individuals in this age group did not exercise this number
would be 2.8 per 1000 individuals per years. As these numbers
are 0.2 per 1000 and 0.3 for those aged 18–39, the risk
benefit that could be obtained in the elderly would be much
larger (Fig. 2).
High BMI increases the risk of venous thrombosis and is
associated with a lower participation in sports activities;
therefore, the effect of both was studied simultaneously.
Compared with those who did participate in sports activities
Table 3 Relation between frequency, intensity and type of sports activities
and risk of venous thrombosis
Patients
(n = 3608)
Control
subjects
(n = 4252)
ORadj*
(95% CI)
No sport 2472 2566 1
Frequency
Once per week 613 916 0.68 (0.60–0.78)
>Once per week 523 764 0.73 (0.64–0.84)
Intensity
Moderate intensity 374 580 0.69 (0.59–0.81)
Strenuous intensity 424 569 0.77 (0.66–0.89)
Very strenuous intensity 334 531 0.66 (0.56–0.76)
Type of sport
Single type of sport(s) 808 1167 0.72 (0.64–0.81)
Only endurance sport(s) 431 585 0.78 (0.67–0.90)
Only interval sport(s) 194 295 0.71 (0.58–0.87)
Only power sport(s) 183 287 0.62 (0.51–0.76)
Combinations of
types of sport(s)
324 513 0.67 (0.57–0.78)
Endurance and
interval sport(s)
133 208 0.73 (0.57–0.92)
Endurance and power
sport(s)
130 1412 0.60 (0.47–0.76)
Interval and
power sport(s)
28 51 0.58 (0.36–0.93)
Endurance and interval
and power sport(s)
33 42 0.85 (0.52–1.36)
*Adjusted for sex, age and body mass index. Information regarding
intensity and type of sport was missing for four patients and four
control subjects. OR, odds ratio; 95% CI, 95% confidence interval.
Table 4 Relation between sport (‡ once per week) and risk of different types of venous thrombosis
Sport
Odds ratio*
(95% CI)
Absolute risk
Absolute risk
differenceYes No Sport No sport
Control subjects 1563 2566 1 (Ref.)
PE 287 757 0.54 (0.46–0.64) 0.25/1000 0.44/1000 0.20/1000
DVT leg 696 1397 0.76 (0.67–0.86) 0.63/1000 0.83/1000 0.20/1000
DVT leg + PE 153 318 0.79 (0.63–0.98) 0.15/1000 0.19/1000 0.04/1000
PE, pulmonary embolism; DVT leg, deep venous thrombosis of the leg; 95% CI, 95% confidence interval.
*Adjusted for sex, age and body mass index.
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and were lean (BMI < 25 kg m)2) lean individuals who did
not participate in sports activities had a 1.7-fold increased
venous thrombosis risk (ORadj 1.71; 95% CI 1.46–1.99).
Among those participating in sports activities, being obese
(BMI > 30 kg m)2) resulted in a 3.3-fold (ORadj 3.26; 95%CI
2.42–4.39) increased risk compared with being lean
(BMI < 25 kg m)2). Obese participants who did not partic-
ipate in sports activities had a 4.2-fold increased risk relative to
lean individuals who participated in sports activities (ORadj
4.21; 95% CI 3.44–5.16).
Discussion
Individuals who participate in sports activities on a regular
basis have a lower risk of developing a deep venous
thrombosis of the leg and pulmonary embolism compared
with those who do not participate in sports activities. Risk
reductions were similar in various types, frequencies and
intensities of sports.
In a joint database of two large cohort studies, the
Atherosclerosis Risk In Community and the Cardiovascular
Health Study, a small increased risk to a null effect was found
for the association of physical activity and venous thrombosis
risk [19]. The analysis was based on 215 individuals who
developed their first venous thrombotic event during follow-up,
which might have been too few to observe an effect. Another
cohort study, the Physicians Health Study, with 358 venous
thrombosis events, also showed a small increased risk of venous
thrombosis with increasing frequency of exercise compared
with those who did not exercise at all. Both studies did not
provide an explanation for this increased risk. In contrast, as in
our study, a case–control study including 196 patients showed a
decreased venous thrombosis risk for young physical active
women [17]. A difference between these cohort studies and the
case–control studies is that in case–control studies patients
reported their prior sports activities shortly after the venous
thrombotic event. In the follow-up studies, leisure time physical
activity data were assessed at baseline. As themedian follow-up
time was 8–13 years, physical activity at baseline may not have
accurately reflected physical activity prior to the event.
Secondly, both cohort studies studied the risk mainly among
the elderly, as most patients were over 65 years of age when
they had their venous thrombosis. Both case–control studies
included individuals with mean ages of 48 and 35 years,
resulting in a more than 20 year age difference for the cohort
and case–control studies. A third reason for this difference
between the results obtained in the case–control and cohort
studies might be recall bias, because in case–control studies
participants are interviewed after the event. Because cases and
partner controls filled in the questionnaire simultaneously, we
do not believe recall bias very likely.
We found slight differences between the analyses that only
included the partners of cases and those that only included the
random digit controls. Couples often have similar lifestyles and
therefore similar sports activities. We performed a matched
analysis, which takes this association into account. As this
matched analysis also accounts for other, unmeasured, con-
founders, this might explain why this risk estimate was closer to
one compared with the unmatched analysis using the random
digit dialing control subjects. However, it is important to note
that both analyses yielded beneficial effects of sports activities.
Population studies on sports activities in the Netherlands
showed that between 48% and 52% of the population perform
one or more sports regularly [24]. This is equal to the
percentage in our random control group (44%).
Previously, we reported that sports activities involving the
legs reduced the risk of venous thrombosis of the arm (systemic
effect), whereas sports activities involving the arms increased
the risk of venous thrombosis in the arms, which was most
striking for thrombosis in the right arm, whichmost often is the
dominant arm used in sports. This suggests systemic and local
effects, probably as a result of a compression of the arm veins
[16]. Such differences were not clear for deep vein thrombosis of
the leg. A systemic reduction in venous thrombosis risk could
be caused by alterations in plasma coagulation factors.
Although not all studies have been shown to be consistent,
decreased levels of both fibrinogen and factor (F) VIII after
exercise have been observed [11–14,25]. High levels of fibrin-
ogen and FVIII have been shown to increase the risk of venous
thrombosis [26,27].
We did not find a dose–response relationship between
intensity, frequency and duration of sports activities and risk of
thrombosis. It may well be that the beneficial effect is conferred
by any engagement in sports, and not further influenced by
more frequent of intense engagement. It is also possible that
minor injuries play a role in offsetting the beneficial effect.
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Fig. 2. Theoretical number of new cases of venous thrombosis per year if
all participants were or were not to participate in sports activities.
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Intense and frequent participation in sports activities results in
a high risk of injuries [28] and these may cause venous
thrombosis [29]. We found some support for this notion, as
participation in sports activities with a high injury risk yielded
less benefit than sports activities with a low injury risk.
A potential problemwhen analyzing the association between
sport and disease is that the risk reduction, which appears to
have been caused by sports activities, may actually be caused by
a reduction in weight or BMI. Although some believe that
physical inactivity is a single cause of cardiovascular diseases
and not a high BMI [10,30]. To ensure that our results were
independent of the effect of obesity we adjusted all analyses for
BMI. To study whether BMI and sports activities have a joint
effect we performed a multivariate analysis. Our results show
that a high BMI and not participating in sports activities each
individually increase the risk of venous thrombosis, and that
the combination of obesity with inactivity leads to the highest
risk. Besides possible confounding by BMI, the health status of
an individual might affect both the risk of venous thrombosis
and participation in sports activities. We tried to limit
confounding by health status as much as possible by excluding
all participants with malignancy. Furthermore, we performed
an analysis for the risk of idiopathic venous thrombosis,
thereby excluding all individuals with known risk factors for
disease. The estimate obtained in this analysis was not different
from the overall estimate. Although residual confounding by
health statusmight be present, the absence of any effect of these
restricted analyses makes us confident that the observed
relation between sporting activities and venous thrombosis is
causal.
Overall, participating in sports activities on a regular basis
decreases the risk of venous thrombosis. All the various types,
intensities and frequencies of sports activities decrease the risk
to a similar level.
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